1. Introduction
===============

Since its' first introduction in 1973, totally implantable venous access port (TIVAP; also referred to as device) has been globally used as a safe and stable venous access method for administration of long-term chemotherapy, blood transfusion, and parenteral nutrition. This system consists of a central venous catheter and a subcutaneously-implanted injection port, which provides a simple, safe, and permanent access to the vascular system for intravenous administration of drugs. The port is installed in the skin and is usually connected to the subclavian or the femoral vein (commonly the right) with a catheter.^\[[@R1]\]^ The major advantages of the use of TIVAP include preserving the peripheral blood vessels and allowing the patients to move around, and, therefore, improving the quality of life of the patients. Previous studies have demonstrated that compared with external central venous catheters, the use of TIVAP is associated with a lower risk of infection, is more stable in ambulatory patients, and minimizes the interference in the daily activities of patients.^\[[@R2]--[@R5]\]^ However, the use of TIVAP is also associated with several complications, including early complications related to catheter insertion (pneumothorax, arterial perforation, arrhythmias) and late complications (mechanical issues, infection, extravasation, and venous thrombosis).^\[[@R6],[@R7]\]^ The reported incidence of late complications is generally \<10%, and most of these are preventable by effective nursing care.^\[[@R8]--[@R10]\]^ However, the incidence of late complications in Chinese patients is still unclear. Therefore, this study was designed to determine the incidence of TIVAP-associated late complications and to investigate the risk factors for TIVAP-linked late complications in Chinese patients with cancer, and to suggest appropriate nursing strategies for patient care.

2. Methods
==========

2.1. Patient selection
----------------------

In this retrospective study, we measured the incidence and analyzed the risk factors for late complications of TIVAP in 500 patients that were treated in the Department of Chemotherapy for cancer at our institution between January 2012 and January 2015. After approval from the Ethics Committee of University Faculty of Medicine, patient-specific data and information were retrieved from the hospital medical records. Written informed consent was obtained from all patients prior to their inclusion.

Patients who qualified all of the following criteria were included in our study: age \>18 years; TIVAP at our institution; ability to understand the procedure and provide consent for the study. Patients with serious physical diseases or mental problems, and children with TIVAP were excluded from this study.

All subjects underwent regular preoperative examination, including routine blood examination, coagulation time, and chest fluoroscopy. TIVAP catheters were implanted at the invasive technology department under digital subtraction angiography (DSA) guidance. The TIVAP was implanted by catheterizing either a subclavian vein or the right inguinal vein. The TIVAP, USA BARD (n = 173), and Braun (n = 327), were inserted via right subclavian venous puncture (n = 393), left subclavian venous puncture (n = 104), and right femoral vein puncture (n = 3), and the port was left open. The position of the catheter was confirmed by chest radiography. All patients were successfully catheterized at first attempt. During the treatment period when the TIVAP was used, needles were changed every week; when not in use, the TIVAPs were flushed with diluted heparin solution (100 IU/mL) once a month.

2.2. Follow-Up
--------------

After insertion of TIVAP, the patients were followed up on day-14, and 1, 3, and 6 months post-insertion. Data pertaining to age, sex, diagnosis, and surgical history (i.e., vein accessed, whether re-insertion was performed and operation time) were reviewed. Telephonic interviews were conducted to collect information regarding general health, position of port, complications, and nursing strategies used. Complications that occurred after the insertion were recorded as late complications.

2.3. Statistical analysis
-------------------------

Statistical analyses were performed with Stata 13.0 software. Multivariate logistic regression analyses were performed to determine risk factors associated with late complications of TIVAP. Complications were reported in terms of frequency for each type. *P* \< .05 was considered statistically significant.

3. Results
==========

3.1. Demographic characteristics of patients
--------------------------------------------

A total of 500 patients (177 men and 323 women) were included in the study. The mean age (±standard deviation) of patients was 51.8 (±11.43) years. Among these 500 patients, 194 (38.8%) patients had breast cancer, 187 (37.4%) patients had gastrointestinal cancer, 33 (6.6%) patients had lung cancer, 17 (3.4%) patients had hepatic cancer, 12 (2.4%) patients had pancreatic cancer, 12 (2.4%) patients had ovarian cancer, and 45 (9%) patients had other types of cancers. The demographic characteristics of patients are shown in Table [1](#T1){ref-type="table"}.
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3.2. Determination of late complications associated with TIVAP
--------------------------------------------------------------

Nineteen out of the 500 patients developed late complications. Of these, 14 (2.8%) patients developed catheter-related obstruction, 3 (0.6%) patients developed infection, 1 (0.2%) patient developed complications associated with drug extravasation, and 1 (0.2%) patient experienced catheter breakage (Table [2](#T2){ref-type="table"}). The incidence of the late complications was not significantly different between patients who received BARD and Braun TIVAP (*P* \> .05).
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Late complications associated with TIVAP.
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3.3. Determination of risk factors for late complications associated with TIVAP
-------------------------------------------------------------------------------

On multivariate analysis, age was found to be a significant risk factor for late complications (odds ratio \[OR\]: 1.27, 95% CI, 1.03--1.17, *P* \< .05). Neither sex nor site of venous access was associated with late complications (*P* \> .05). In addition, duration of the surgery and the length of hospital stay were also not associated with late complications (*P* \> .05). However, patients with breast cancer (OR: 1.43, 95% CI, 1.10--4.72, *P* \< .01), lung cancer (OR: 1.67, 95% CI, 1.10--4.93, *P* \< .05), and gastric cancer (OR: 2.78, 95% CI, 1.21--6.17, *P* \< .05) showed a significantly higher risk of late complications (Table [3](#T3){ref-type="table"}).
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Risk factors for late complications associated with TIVAP.
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4. Discussion
=============

Use of TIVAP is a standard practice in patients on long-term chemotherapy, blood transfusion, and parenteral nutrition across the world. However, no guidelines regarding the application of TIVAP are available in China to date. As described in previous studies, use of TIVAP involves several side effects and complications, which could add to the physical and psychological burden on the patients.^\[[@R11]\]^ Associated complications may even cause failure of the ports.^\[[@R12],[@R13]\]^ In this study, we assessed data pertaining to 500 patients with TIVAP at our hospital to profile the risk factors, which could help inform practices related to TIVAP use.

The overall incidence of late complications in this relatively large cohort was 3.8%, which was lower than that reported from previous studies.^\[[@R14]--[@R16]\]^ We believe that this is primarily attributable to the careful preoperative preparation and intraoperative processing. In addition, the complications were mainly reported by the patients during the follow up; thus, some of the relatively minor complications may not have been reported by the patients. Mechanical complications were the most common late complications, followed by infection, which is similar to that reported earlier.^\[[@R17]\]^ Children showed a greater predilection for severe late complications, which may explain the higher incidence rate reported in children in previous studies.^\[[@R15],[@R18]\]^ Complications related to catheter obstruction were the most common among patients with long-term in-dwelling TIVAP. These complications included slow catheter infusion and failure to transfuse or draw back blood. There were 2 types of catheter-related obstructions, namely thrombotic and non-thrombotic obstruction. Non-thrombotic obstruction refers to obstruction caused by mechanical factors, including physical distortion or folding of the catheter and/or the infusion apparatus, or by deposition of drug. In our study population, 13 patients developed thrombotic obstruction, while 1 patient developed non-thrombotic obstruction. Thrombotic obstructions were dealt with 1 mL heparin diluents, which successfully resolved the obstruction in all 13 patients. In patients with mechanical thrombotic obstruction, the TIVAP was manipulated under DSA guidance, which was dragged to the right subclavian vein.^\[[@R7]\]^

Infectious complications included both systemic and local infections. Local infection refers to skin/soft-tissue infection at the site of venous access and tunnel infection. Systemic catheter infection refers to catheter-related bloodstream infection (CR-BSIs), and was defined as the presence of general systemic symptoms and the absence of any other obvious source of infection. The incidence of infection in this study (0.6%) was much lower than that reported earlier.^\[[@R19]\]^ This is likely attributable to the following factors: the operation procedures in this study were performed carefully, and all patients received appropriate postoperative care; the overall incidence of complications was very low. Therefore, there were fewer conditions to trigger infection; and some "minor" infections might not have been reported by the patients. In addition, similar pathogens were isolated on semi-quantitative and quantitative culture of peripheral blood samples. There are 3 main modes of infection associated with use of catheter: infections caused by bacteria present on the surface of the skin during the process of TIVAP; catheter-related bloodstream infection leading to CR-BSI; microbial contamination and cavity infection caused by bacteria. There was one case of local infection which finally progressed to CR-BSIs, which manifested as unexplained fever and positive blood culture The patient recovered with antibiotic treatment.^\[[@R20]\]^

Drug extravasation refers to the leakage of liquid drug or penetration into subcutaneous due to the falling-off of non-damage needle, shortage of needles, dislodgement of the catheter, and tube rupture. We had 1 case with drug extravasation in this study. Symptoms of drug extravasation included local subcutaneous swelling, burning sensation and pain; these were resolved after local hydropathic compresses and treatment of blockage. There was one case of catheter exposure and was taken out by surgical intervention.^\[[@R21]\]^

In the present study, sex of the patient and the site of venous access were not risk factors for late complications after TIVAP application. However, age and certain underlying diseases were associated with a higher risk of late complications. In this study cohort, every 1 year increase in age was associated with a 0.27-fold higher risk of late complications associated with use of TIVAP, which is consistent with that reported elsewhere.^\[[@R22]\]^

The association of age with late complications is likely attributable to age-related vascular changes and to the relatively poor general health situation.^\[[@R23],[@R24]\]^ Patients with breast cancer, lung cancer, and gastric cancer had a higher rate of complication. This is likely attributable to the higher rate of indwelling TIVAP in patients with these cancer types as compared with that in patients with other cancers in our hospital. We can increase the sample size for further in-depth consideration.

Our study had several limitations. First, this study was a single-center study and the method used for obtaining data was related to late complications, which may have introduced sampling bias. Second, our study was a retrospective observational study, which is inherently liable to bias. Future multi-centered studies with large cohorts are needed to further corroborate our findings.

Catheter obstruction was the most frequent type of late complication in this study. Given that most catheter obstructions could be spotted by careful postoperative care, we suggest that the nurses should pay more attention to prevent catheter obstruction. For example, x-ray may be used to check for any change in position of the port. Also, in order to prevent blood clots and catheter obstruction, nurses should inject not \<10 mL normal saline (NS) to seal the tube by positive pressure. Moreover, nurses should pay more attention to drug compatibility to minimize the possibility of interaction between different drugs leading to catheter blockage. In the event of incomplete obstruction, nurses should draw the fluid as soon as possible and gently inject 1 mL urokinase. If the obstruction accident cannot be solved, nurses should arrange the patients to take out the catheter as soon as possible.^\[[@R13]\]^

Adherence to aseptic principles during implantation of the catheter or insertion of the non-damage indwelling needle, or during change of dressing is essential. If the patients need long-term transfusion, one suit of non-damage needles could be used for 7 days in a row.^\[[@R25]\]^ Dressing should be of permeable materials and it should be changed as soon as possible once the dressing falls off. Professional non-damage needles should be used according to the venous access port. Local skin care of the patients with TIVAP is another important aspect of care. The infusion ports are inserted into the subcutaneous tissue, which will impair the local skin elasticity and liable to impair blood circulation in the subcutaneous tissue. Repeated punctures and the side effects of the chemotherapy drugs also lead to impaired immunity. Therefore, nurses should educate and instruct the patients to take care of the skin around the infusion ports. Wound management and general anti-infection treatment are required for any infection. The infusion ports should not be used prior to complete control of the infection. There are 2 types of treatments of CR-BSIs: sealing with antibiotics and catheter removal. Though it is a useful method to remove the tube, yet the tube may actually be uninfected. Nurses could choose to seal the tube with NS to both avoid chances of infection during tubes removal and to allow for healing of the central venous catheter infection. Nurses should master the diagnosis of catheter-related infections and the indications and contraindications to use of antibiotics sealing tubes.^\[[@R26]\]^

Patients should be educated to avoid any movement that increases skin tension near the infusion ports, such as strenuous outreach activities and chest expanding exercises to prevent drug extravasation due to falling off of the needle. In the event of any drug extravasation, nurses should terminate transfusion as soon as possible and draw the liquid residue with an empty syringe. Upper limbs should be elevated and 50% magnesium sulfate should be applied to serve as a humid heat compress. Local seal should be applied by the nurses according to the drug extravasation situation and alongside monitor the skin situation. Once the tube falls off, prompt intervention with doctor\'s help is required. In the event of a catheter rupture, nurses should report to the doctors and comfort the patients and the families.^\[[@R27]\]^ In order to minimize the chances of drug extravasation, TIVAP should be applied by qualified nurses with certain certification.^\[[@R28]\]^ High-pressure injection of contrast agent should be strictly prohibited. Patients who are suffering from pinch-off syndrome should be educated by the nurses to re-check the chest x-ray regularly. Health education for TIVAP management should be conducted by nurses. As the injection position is under subclavian near the epidermis, it is easy to rub the subcutaneous tissue while pulling, which renders the skin thinner and may eventually lead to skin breakage. Nurses should educate the patients with implanted TIVAP to avoid strenuous exercise on the infusion port side and to not to scrub the skin near the port while taking showers to take care of the skins.^\[[@R29],[@R30]\]^

5. Conclusion
=============

In the present study, we report that catheter-related obstruction is the most frequent late complication associated with TIVAP. Risk factors for TIVAP-linked late complications include age and certain cancers, such as breast cancer, lung cancer, and gastric cancer.
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